Cowpea (Vigna unguiculata (L.) Walp), a legume crop that is grown in the worldwide, provides beneficial proteins for human consumption and animal feeding. In comparison, Rapid N analyzer as traditional method, has been widely used to measure protein content through the percentage of total nitrogen in the seed's grounded powder. Near-Infrared Reflectance (NIR) has commonly been used to measure protein content in soybean seeds using whole grain without the need of seed grinding, which makes it possible to obtain fast results at a lower cost-per-analysis than the traditional combustion method. The specific objective of this study is to test a rapid method for measuring cowpea seed protein content by the NIR analyzer comparing to the traditional rapid N analyzer. A total of 240 cowpea genotypes were used in this study, including six seed coat colors, black, blackeye, browneye, cream, pinkeye, and red with 40 cowpea genotypes. The results showed that a linear relationship exists between the NIR analyzer and the Rapid N analyzer in the six different color groups. The correlation efficiency (r) between the seed protein contents from NIR and Rapid N was higher for pinkeye seed (r = 0.867), blackeye (0.771), cream (0.729), browneye (0.700), and red (0.623), respectively, but lower for black seeds, indicating that the NIR analyzer can be used to measure protein content for cowpea seeds with the five types of seed coat except black. Overview, the cowpea seed protein content measured from the NIR analyzer showed a little higher seed protein content. A series of regression models with different seed coat color have been built to adjust to protein content of color- 2388 American Journal of Plant Sciences ful cowpea seeds from the NIR analyzer. But, it is not recommended to use for black color seeds due to a very low correlation efficiency (r) value with 0.184.
Introduction
Cowpea (Vigna unguiculata (L.) Walp), a legume crop that is grown worldwide, provides beneficial proteins for human consumption, animal feeding, and the environment [1] - [6] . The largest acreage to grow cowpea is in Africa, with Nigeria and Niger predominating. Besides Africa, Brazil, West Indies, India, United
States, Burma, Sri Lanka, Yugoslavia, and Australia also have large cowpea production [3] [5] . Dry seed production is estimated at 1.24 million tons annually in the world. Cowpea is grown as a food crop, but also as a canned vegetable product (both for the greens and the green peas), a cover crop, and as fodder. Cowpea primarily provides protein, soluble sugar, amino acids, vitamins, and minerals [1] [7] [8] .
The greatest value of cowpea seed is its rich protein content as traditional food to customers, in particular, it can provide sources of protein to improve the nutritional status of resource-poor subsistence family in developed countries in the world [9] [10]. Carnovale et al. [1] compared protein contents from cowpea commercial cultivars and from International Institute of Tropical Agriculture (IITA) improved lines and found that both sources had similar seed protein content (22.4% for commercial and 21.9% for IITA). Itatat et al. [11] reported that the seed protein content ranged from 20.57% to 24.95% among eleven cowpea genotypes.
However, Afiukwa et al. [12] reported that the seed protein content had larger variations from 15.06% to 38.5%, with a mean of 25.99% in cowpea dry seeds.
There are several ways to measure protein concentration in agricultural products, and each of them has its own advantages and disadvantages [13] . The Kjeldahl method is a classical method for the quantitative determination of organic nitrogen in chemical substances like ammonia. It was developed in 1883 by a brewer Johann Kjeldahl [14] . A sample is digested with a strong acid (sulfuric acid) so that it releases nitrogen which can be determined by a suitable titration technique. The amount of protein present is then calculated from the nitrogen concentration of the sample. Because the Kjeldahl method does not measure the protein content directly, a conversion factor (F) is needed to convert the measured nitrogen concentration to a protein concentration. A conversion factor of 6.25 (equivalent to 0.16 g nitrogen per gram of protein) is used for many applications, however, this is only an average value, and each protein has a different conversion factor depending on its amino-acid composition. A number of improvements have been made to speed up the process and to obtain more accu-rate measurements. New techniques for protein measurement are becoming more popular than the chemical Kjeldahl method due to its complex three steps: digestion, neutralization, and titration. Absorbent UV light at 280 nm is other different method for protein measurement. Bradford colorimetric assay based on the interaction between Coomassie brilliant blue and the arginine and aromatic residues. Rapid N, a nitrogen/protein analyzer which presents the fast, safe, and environmentally friendly alternative to the classical method, has been widely used to measure protein content through the percentage of total nitrogen in the seeds' grounded powder. With the high temperature and pure oxygen condition, nitrogen is liberated by combustion. The nitrogen is then isolated from other combustion products. A thermal conductivity detector measures the nitrogen content in the sample. Protein content is determined by the combustion method and a conversion factor of 6.25 was used to convert total nitrogen to protein.
Near-Infrared Reflectance (NIR), a spectroscopic method that sets new standards in protein analysis according to the near-infrared region of the electromagnetic spectrum (from about 700 -2500 nm), has commonly been used to measure protein content in whole grain, such as soybean seeds, without the demand of grinding. It is possible to achieve fast, no-damage, and low cost-peranalysis results compared to the traditional method of combustion for total nitrogen when applied to determine protein content [15] . The DA 7250 NIR analyzer is the third generation diode array NIR instrument from Perten Company, Sweden, designed specifically for analysis in agricultural industries. Okonya and Maass [3] (2014) successfully used Near Infrared Spectrometry to determine the crude protein content of leaves from six cowpea genotypes, and found that the protein content in leaves in these genotypes averaged 30%.
In order to test for an accurate, reliable, rapid, non-destructive, and inexpensive method to measure protein content in cowpea, the specific objectives of this study were to evaluate the NIR methods of measuring cowpea seed protein content and to determine the possible relationship with classical protein measurement methods. Cowpea has a rich diversity of seed coat color, including black, brown, blue, cream, green, grey, mix (two or more colors), and purple, red, tan, and yellow color. In this study, six most popular cowpea seed color types in market: black, blackeye, browneye, cream, pinkeye and red color were used with 40 accessions each ( Figure 1 ). Black color: Seeds dry down to an intense black color and have no noticeable "eye". An example of black color is the released cultivar "Ebony"; Blackeye: The seeds come out of the pod clean and free, the white hilum is surrounded by black, which shows excellent market type; Browneye: The white hilum is surrounded by brown or dark brown color; Pinkeye: These are the more popular color of cowpea seed for consumption in markets, their white hilum is surrounded by pink color or light-red; Cream: Seeds of these types are generally cream colored and have no noticeable "eye", it looks like soybean seed, but smaller size; Red color: Seeds of these types have a red colored coat and have no noticeable "eye". The advanced breeding line "07-303" serves as an example of red color. Therefore, an objective of this study is to investigate whether cowpea seed coat color affects the measurement of protein content by NIR.
Materials and Method

Cowpea Seed Materials and Measuring
In this experiment, two soybean cultivars, "Osage" and "Ozark" were used as controls. NIR analyzer DA7250 has been used in soybean for measuring seed protein content and has been a good method regarding specificity and steadiness to measure whole grain protein content. Both "Osage" and "Ozark" showed a protein content of 42.82% -43.54% and 39.41% -40.56% in four time measurements, respectively. Repeated test showed that NIR analyzer method had the specificity and steadiness for protein content measurement of grain seeds.
Equipment of Cowpea Seed Protein Content Measurement
For NIR method, total protein content of the cowpea seeds was measured by the third generation diode array NIR instrument DA 7250 NIR analyzer, produced in Perten Company, Sweden. In contrast, same sample with powder was measured by analyzing the percentage of nitrogen by combustion using Rapid N III instrument, which is a product from the Elementar Company, a world's leading 
Data Collection and Analysis
Analysis of cowpea seed protein data was performed by analysis of variance (ANOVA) using the general linear models procedure of JMP Genomics 7. The relationship between the Rapid N III and NIR method was evaluated by the correlation coefficient (r).
Calculations of the correlation coefficient (r) are usually used to compare the results of two methods of measurement of the same substance [16] . The result is usually expressed as a regression line Y = aX + b, a formula in which "a" is the slope of the line called regression coefficient, and "b" is the intercept on the ordinate. Often, "r" the correlation coefficient is calculated. If "r" and "a" are close to unity and "b" close to zero, the two methods are said to agree with each other. The value of "r", ranging from 0 to 1, is usually a matter of judgment.
Results and Discussion
In this study, a total of 240 cowpea genotypes including 214 cowpea germplasm accessions and 26 breeding lines were measured their seed protein contents by the NIR and Rapid N method (Table 1 and Figure 2) . Overview, the analytical results showed significant variability for all the attributes and the values ranged It is observed that the NIR method gave higher seed protein content than that from the Rapid N method in each of the six different color groups (Table 1 , Figure 2 and Figure 3 ). Because it has more sensitive to different wavelengths from the range of colors of the cowpea seed, the NIR method gives higher seed protein content which is higher than real protein content in cowpea seeds, which is caused by the NIR analyzer. Although protein content measured by NIR DA content in each of the six seed color showed same among the 40 samples ( Figure   3 ), indicating the value of seed protein content measured by NIR can be adjusted by Rapid N with a regression model. A regression model between the two methods for each of the six seed colors was postulated from this research. Although protein content measured by NIR DA 7250 expressed higher than that by Rapid N III, the correlation between the two methods was strong with an high correlation coefficient (r) value of 0.690 combined all genotypes of the six seed colors. Different r values among the six color groups were observed ( Table 2 ). The r values of pinkeye, blackeye, cream, and browneye color cowpea were very high, measured at 0.867, 0.771, 0.729 and 0.700, respectively. The strong correlation between the two methods for the pinkeye, blackeye, cream, and browneye color cowpea provides us to adjust a protein content value from NIR analyzer to a closer real protein value from Rapid N method through a linear regression model. But black seeded cowpea had a very low r value with 0.184, indicating that the NIR method is not suitable for cowpea seeds with black or dark color coat. As the red seeds, a mediate r value with 0.623 was estimated (Table 2, Figure 4 ), indicating we may use the NIR method to measure the protein content in red cowpea seeds.
In this study, a linear regression Y = aX + b was postulated for each color ( It represents the fast, safe and environmentally friendly alternative to the classical Kjeldahl method. However, comparing with NIR, it looks more time to grand the seeds to powder and it costs (Table 3) . NIR analyzer is an easier, faster, more economic, and non-damaging method to measure protein content in cowpea seeds. Therefore NIR analyzer method has been recommended to be directly used in measuring protein content in cowpea seeds with five seed colors of blackeye, browneye, pinkeye, cream and red seeds and through a linear regression model each color, the protein content value from NIR analyzer can be Y. J. Weng et al. 
Conclusion
From this study, the protein content in cowpea seeds had a big variation from both methods among the tested 40 cowpea genotypes in each of the six seed color groups (Table 1 , Figure 1 and Figure 2 ), but the NIR analyzer gave a greater value than the Rapid N III (Table 1 and Figure 3 ). However, a strong correlation was observed between the two methods with a high correlation coefficient among five seed colors of blackeye, browneye, pinkeye, cream and red except black seeds. The correlation efficiencies (r) between the two methods are 0.867, 0.771, 0.729, 0.700, and 0.623 for pinkeye, blackeye, cream, browneye, and red, respectively, indicating that NIR analyzer can be used to measure protein content for cowpea seeds with the five types of seed coat, excepting black color seeds (r = 0.184) ( Table 2 ). The linear regression model was built to adjust to seed protein content from cowpea seeds for each of five seed color groups, respectively when NIR analyzer DA 7250 are applied (Table 2, Figure 4 ) in order to obtain the accurate seed protein content in different color type, thus provides a reliable and fast method to measure seed protein content in cowpea seeds using NIR analyzer. In additions, the NIR analyzer should be a better method to measure the protein content as whole grain in cowpea seeds without destruction and also it is a low-cost method and easy to operate in lab (Table 3) . Therefore, it has great promise to be adopted as a rapid performed method to measure seed protein content for cowpea breeding program to improve protein contention.
